Changes in calcium currents and GABAergic spontaneous activity in cultured rat hippocampal neurons after a neurotropic influenza A virus infection.
In order to study mechanisms by which a neurotropic strain of influenza A virus (A/WSN/33) may affect neuronal function or cause nerve cell death, hippocampal cultures from embryonic rats were infected with this virus. Approximately 70% of the neurons in the infected cultures became immunopositive for viral antigens and showed reduced voltage-dependent Ca(2+) currents in whole-cell patch clamp recordings, but no changes in other membrane properties or in cytosolic Ca(2+) concentration were seen. These immunopositive neurons underwent apoptosis 3-4 days after infection. Ca(2+) channel inhibitors had no significant effect on neuronal survival. The immunonegative population of neurons survived, but displayed increased frequency of miniature inhibitory postsynaptic currents of gamma-amino-butyric acid origin compared with controls. The frequency of alpha-amino-hydroxy-5-methylisoxazole-4-propionic acid hydrobromide (AMPA) receptor-mediated miniature excitatory postsynaptic currents was not altered. Viral nucleoproteins, overexpressed using the Semliki Forest virus system, were localized to the dendritic spines as shown by double immunolabeling with actinin, but did not by themselves cause neuronal death or changes in synaptic transmission as measured by AMPA-mediated excitatory postsynaptic currents. Our results show that an influenza A virus infection can cause selective neurophysiological changes in hippocampal neurons and that these can persist even after the viral antigens have been cleared.